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ABSTRACT 

The purpose of this study was to formulate a linear 
programming model to simulate a foundation type support program and 
to apply this model to a state support program for the public 
elementary and secondary school districts in the State of Iowa. The 
model was successful in producing optimal solutions to five objective 
functions proposed for testing it, and thus it is concluded that the 
use of a linear programming model to simulate a foundation type state 
program is indeed feasible. Tables present the study data, and an 
appendix provides the algebraic matrix used for the solution to each 
of the five problems. (Author/DB) 
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A LINEAR PROGRAMMING MODEL TO OPTIMIZE VARIOUS OBJECTIVE 
FUNCTIONS OP A FOUNDATION TYPE STATE SUPPORT PROGRAM 

Education is the most important and the largest under- 
taking in the United States* This is true if we think of 
education as an investment in developing our human resources 
The future of this nation will be largely determined by how 
we invest our financial resources in education today and in 
the future* The problem of how to finance our investment 
in education is a matter of major concern throughout the 
nation because of (1) the rising cost of education! (2) the 
increasing awareness of the need for quality and equal educa 
tional opportunity, and (3) the growing demands upon local 
property valuations to pay for increasing local governmental 
services including education* 

The expenditures of public elementary and secondary 
education for all programs c perated by public school sys- 
tems, interest, and capital outlay reached a new high of 
39*5 billion in I969-70, up 10*4 percent from 35*8 billion 
in 1968-69, This rate of increase is 4,3 percentage points 
higher than the increase of 6*1 percent in the nation's 
gross national product ( Lee, 1970 1 36) , 

The rise in educational expenditures may be traced to 
increased enrollments, inflation, and additions to educa- 
tional system for quality. Nationally, school enrollments 
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have increased by 29,5 percent to 59*1 million since 1961 
(Lee,l970j5) • During the same period the enrollments in 
Iowa public schools has increased from 58ft^99 students in 
1961 to 659 f 888 in I969-70 or an increase of 12 percent. 

The loss or buyj.ng power of the dollar, due to a rise 
in prices, or inflation, amounts to approximately 4o percent. 
This rise alone would add approximately 99 million dollars 
to the expenditures of 1959-60, It is difficult to keep 
this rise in perspective because included is a demand for 
more and better quality services. 

The wealth of the district, defined as the assessed 
valuation per student, determines the amount of revenue 
received by the district for each mill* levied by the local 
property tax. During I969-70, in Iowa, the district with 
highest assessed valuation per pupil was able to raise $31*84 
for each mill levied compared to $4,96 in the district with 
lowest assessed valuation. The poorest district in 
assessed valuation must be willing to levy a property tax 
that is approximately six and three tenths times the rate of 
the wealthiest district in order to be able to provide its 
students with equal expenditures. Studies have indicated 
that districts which have low assessed valuation per pupil 
tend to have higher millage rates but lower expenditures per 
pupil, offer more units at the secondary level, are larger 
in size, and have larger average class size (Johnson, 1970 1 
Grabinski, 1970), These inequalities promoted by the present 
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state support systeir indicate a definite need to modify 
the existing program. 

The differences in the educational opportunities 
offered to students living in different areas of the state 
or nation have been considered by various writers. The 
responsibility of the state for equality in education may 
be found in the Supreme Court’s specific interpretation of 
the equal-protection clause in Brown vs. Board of Education 
as stated by Wise (19681?), "The opportunity of an educa- 
tion,,, where the state has undertaken to provide it, is a 
right which must be available to ail on equal terras," The 
State Constitution of Iowa, Article IX, Section 12, originally 
provided for education of the youth by the state through a 
system of common schools. 

The level of per pupil expenditure is a valid indica- 
tor of the quality of education the student receives, Mort 
arid Vincent ( 196^1 97) support this view by statingi "Three 
hundred factors have been studied for their effect on 
schools* of these the amount of money which a school dis- 
trict has to spend,,, is the most important single factor,” 

American education has succeeded in providing an educa- 
tion for all, but as stated by Keppel {I966130) the "neces- 
sary revolution" in American education is the end of the 
"contradiction in practice between quality of education and 
equaiity of educatibnal oppoii»tunity. The attemp.t*«t6 provide 
equality of educational opportunity is showing the need for 
quality in the educational system," Self interest of 
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influential parents and the state legislatures has impeded 
progress toward equality ( Benson, I965) , Coons, dune & 

Sugarman (I970g203) agree with Benson thati "The distribu- 
tion of politica3. power probably makes straight forward 
legislative adoption of a true power equalizing policy (or 
any other equality system) impossible at best." Wise 
(1968*7) believes "The revolution in equality cannot be 
consumated without aid from the judiciary." These feelings 
have been strengthened by the recent court decisions in 
California, Texas and Minnesota, 

The present demand placed upon local taxing capabili- 
ties by all county and local governments has caused concern 

/ 

throughout the nation. Limited resources from local taxation 
indicate a need to allocate those funds which are available 

in order to maximize or minimize a certain pre-determined 

objective, ^ 

The ever increasing size of the educational systems 
and the economic conditions which exist in this nation have 
caused taxpayers to become concerned about the future direc- 
tion of our educational system. The increasing number of 
bond issue rejections may serve as a guide to the attitude 
of the taxpayer toward increasing costs. 

The attitude that education is an investment for the 
future is widely proclaimed by educators and is generally 
accepted by the lay public, however, taxpayers are complain- 
ing that taxes cannot continue to rise. These complaints 
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are generally voiced about local property taxes. Individuals 
as well as pressure groups are suggesting a greater proportion 
of educational expenditures be derived from non-property 
tax sources. 

The problem of increasing costs for education will 
probably become greater in the future (Crrabinski, 1970). 

If additional funds do not become available, educators will 
have the same problem which faces business and industry, 
that of allocating fixed resources which are available in a 
manner which will maximize or minimize predetermined objec- 
tives of the educational system. Mathematical programming 
is one technique which is being widely used in business and 
industry to achieve maximum utilization of resources. 

Decisions, involving the allocation of funds among 
the many programs, districts, etc,, of an educational 
system, all require the maximum utilization of these 
resources. These resources are usually fixed, ie,, the 
funds available will not meet all the requests from the 
competing activities. The importance of these decisions, 
which will affect the educational opportunities of all 
students within the system,, makes the use of mathematical 
programming by the educational decision-maker an important 
tool, 

Bruno’s (I 968 ) model of a foundation support program 
for California Junior Colleges demonstrates the effective 
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use of mathematical programming in solving resource allo- 
cation problems in education. He recommends the use of this 
technique for the allocation of state funds to elementary 
and secondary public schools, 

A review of the literature indicates that foundation 
type state support programs have been studied extensively 
since 1925# These studies have used many alternate methods 
of determining local and state shares of support and the 
foundation level. Is it possible to build a linear pro- 
gramming model to simulate a foundation type state support 
program for financing public elementary and secondary educa- 
tion? The large number of variables found in a state public 
elementary and secondary educational system presents a 
challenge which has not been attempted by researchers. 

The purpose of this study was to formulate a linear 
programming model to simulate a foundation type support 
program and to apply this model to a state support program 
for the public elementary and secondary school districts in 
the State of Iowa, 

The linear programming model was formulated to simulate 
the fiscal characteristics of the local school districts and 
their relationships to possible alternatives for funding the 
entire system. The model was tested using the data taken 
from the Secretary’s Annual Report, I969-70, for the State 
of Iowa, The model was solved using the following objective 
functions * 
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1. The minimiaation cf the state mandated local 
qualifying tax rate using the total of 1969-70 
state aid funds provided by the state legis- 
lature with an objectively determined foundation 
level, 

2, The minimization of state aid costs of the founda- 
tion program using a parameterized mandatory local 
qualifying tax rate of 20 to 4o mills with five 
mill increments. The foundation level was objec- 
tively determined. 

3. The minimization of the state mandated local qual- 
ifying tax rate requiring a state share of the 
total foundation program costs. An objectively 
determined foundation level was used. 

4, The minimization of the state mandated local 
qualifying tax rate using the total of I 969-70 
state aid and adding the excess funds raised by 
the tax rate to the state aid funds for distri- 
bution, The foundation level was objectively 
determined, 

5« The maximization of the foundation level using 
the total of I 969-70 Iowa state aid funds and a 
parameterized mandatory local qualifying tax rate 
of 20 to 4o mills with five mill increments. 



Formulation of the Generalized Linear Programming 
Model for the Foundation State Support Program 

The variables and the interaction of those variables 
must bo stated mathematically in order to formulate the 
general linear programming model for the foundation type 
support program. 

On the local district level the per pupil fiscal rela- 
tionships for district i may be stated 1 
1. A^X = p + 

where A. = The assessed valuation per pupil in average 
^ daily membership (ADM) in district i, 
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X = The uniform state mandated local tax rate 
expressed in mills for the state. 

y = total share of state aid per pupil in ADM 
^ to district i, 

F = The foundation level per ADM for the state. 

i =l,2,3i..*»N, where N equals the number of 
districts in the state. 

B. = Excess funds raised above the foundation level 
per pupil/ADM. 

Expenditures above the foundation level were not con- 
sidered in the linear programming model formulated for this 
study. For the purpose of this study, all districts were 
considered to be spending at the foundation level. Excess 

/ 

funds above the foundation level which may be raised by the 
tax rate were computed for each district and totaled for 

the state. ' 

V 

The above equation (1) may be set to zero in the 
following manner* 

2. A.X t Y. - E. - P = 0 

«Ju JL 

This equation was used in this study to indicate the 
local and state per pupil (ADM) fiscal relationships. If 
the product of assessed valuation per pupil in average 
daily membership and the state mandated local tax rate (A»^X) 
is greater than the foundation level (P), the district (i) 
will not receive state aid (Y^^). The excess funds (E^) 
indicates the amount per pupil the local property tax will 
raise above the foundation level. 
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The interaction of the above variables at the local 
and state level was expressed as follows s 

3. SADM^A^X - SADM^E^ = I, 

where L = The total local funds raised by the state man- 
dated local tax rate up to the foundation 
level. 

The product of the average daily membership, the asses- 
sed valuation per pupil and the state mandated local tax 
rate summed over all the districts of the state (SADM^A^X^) 
equals the total local funds raised by the mandated tax 
rate. The product of the average daily membership and the 
amount of excess funds raised in those districts, where the 
tax rate raised more funds than the foundation level, summed 
over all such districts (SADM^E^) equals the total amount 
of local funds raised by the state mandated tax rate, 

4, 2ADM.Y. = S 

1 1 

where S = The total state funds (state aid) available. 

The product of the average daily membership in district 
i and the amount of state aid per pupil allocated to the 
district, summed over all such districts, calculated the 
total amount of funds required by the state to finance the 
foundation support program. 

The overall costs of the program were expressed as 
follows I 



5. 

where 



S.™^A^X -f SADM^y^ - SADM^E^ 

S + L = The total funds, loca 
the system. 



r + L 

'(id stat6, used in 
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The sair. of total local costs (SADM^^A^X) and the total 
state aid costs (SADM^^Yj^) minus the total of excess funds 
(tAVU^E^) equals the total amount of funds (local and state) 
needed to finance the foundation type support program. 

The relationships between the total of state aid funds 
and the total costs of the program were expressed as 
follows I 

6, S < <^^(S + t) 

7 « S > 

where = A maximum percentage of total funds allocated 

to state costs in the system, 

= A minimum percentage of total funds allocated 
to state costs in the system. 

The educational decision maker may want to specify a 
percent of the total funds needed to finance the foundation 
type support program, A maximum percentage (a^) and a mini- 
mum percentage (a2) may be equal if a single percent is 
necessary. By setting greater than ct2$ a range of per- 
centage was specified. If the percentage of state funds to 
total costs fa? Is within this range, the constraint is sat- 
isfied. 

The relationship between the total local funds and the 
total costs of the program was expressed asi 
8, L < + L) 

9# L > + L) 

where 0 - = A maximum percentage of local funds in the 

system, 

02 ® A minimum percentage of local funds in the 
system. 
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and ^2 allow the user to define the percentage of 

local costs to total program costs in the same fashion as 

and «2 define state costs* 

Incorporating the following formulas into the model 

provided for the computation of the various totals and for 

future additions to the model. 

A‘X - B4 > 0 Computes the local share of the 

foundation level for district i* 

SADM.A.X - SADM. > 0 Computes the total local 

^ receipts for the state. 

ADM. Y > 0 Computes the total of state aid 

funds allocated to district i. 

Max(0,A.X - P) = E. Computes the amount of excess / 

^ funds per ADM raised in dis- 
trict i. 

SADM^Ej^ > 0 Computes the total excess funds | 

raised by the state mandated tax 
rate (state total). 

S/DMiA.X + SADMjjY. - 2ADM.E. > 0 Computes the total 

^ ^ overall (state plus 

local) cost of the 
program (assumes 
foundation level 
spending by each 
district). 



Summary of Constraint Set for 
Foundation Type State Support Model 



In summary, the following equations and inequalities 

are the constraint sot for the linear programming model. 

District Constraints AjX Y« - E* - p « 0 
(per ADM) ill 
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Overall System 
Constraints 






SADM,A.X+ZADM,Y,-SADM,Ei-S-I,= 0 
11 11 11 

ZADMjAiX - SADMj^E^ - L = 0 
SADMj^Aj^Yj_ - S = 0 



Variable Interaction 
Constraints 



S - (S + L) < 0 
S - ttg (S + L) > 0 
L - (S + L) < 0 

L - > 0 



Computational AiX - Ej >0 

Formulas ZADMjA.X - SADM^^E, > 0 

ADM.Y, > 0 

Max(0,Aj^X - F) “ 

SADM.E. > 0 
11 — 

EADM^A^X -f 2ADMj.Y^ - SADM^E^. > 0 
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Summary of Symbols Used in the Model 
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ADM^ = Average daily membership in district i. 

A^ ~ Assessed valuation per pupil in ADM in district i, 

X = Uniform state mandated local tax rate expressed in 

mills for the state, 

Y* = Total share of state aid per pupil in ADM in dis- 
^ trict i, 

P = Foundation level per pupil in ADM for the state, 

i -lf2, 3, ,,,Nf where N equals the number of dis- 
tricts in the state, 

E. = Excess funds raised by the state mandated tax above 
the foundation level in district i, 

13 
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L = Total local funds raised by the state mandated local 
tax up to the foundation level, 

S = Total state funds available, 

=* A maximum percentage of total funds allocated to 
state costs. 

ttg ~ A minimum percentage of total funds allocated to 
state costs, 

= A maximum percentage of total funds allocated to 
local costs, 

"A minimum percentage of total funds allocated to 
local costs. 

Description of Computer Program 
Used in the Solution of the Model 

/ 

The computer program which was used for the solution 
of the linear programming model of a foundation typo state 
support program was the Linear and Separable Programming V 

y 

portion of the IBM/36O Mathematical programming System. 

The method used by this system to solve a linear programming 
problem is a modified simplex algorithm. 

The simplex algorithm is based upon a matrix consisting 
of constraints (or rows) and variables (columns or vectors) 
which must be linearly independent. All variables must bo 
nonnegative. The bounding feature allows the user to spec- 
ify a certain range or level for any or all the variables. 

This allows the user to restrict the value of the coeffi- 
cients of a column which leads to greater economy in com- 
puting time. 
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An optimal solution is a solution which satisfies all 
the criteria of the problem and which produces a minimum or 
maximum value for the object function. An infeasible solu- 
tion either has variables that have negative values or the 
value of a variable is outside a specified range. If a 
feasible solution is found and the constraint rows do not 
confine the value of the object function to a finite value, 
the problem is said to be unbounded. 



Description of District Inputs to the Model 



The inputs to the linear programming model consisted 
of data supplied by the Secretary’s Annual Reports, I969-7O, 
from each local school district and the Iowa State Depart- 
ment of Education, 

Table One contains summary information gathered from 
the Secretary’s Annual Report, The districts have been 
ranked according to assessed valuation per pupil in average 
daily membership. The seven districts with the lowest 
assessed valuation per pupil in ADM, nine districts includ- 
ing the median district, and the seven districts of highest 
assessed valuation per pupil in ADM are included in this 
table. 

Table One contains the following information 1 

Number - Tho rank of the district in assessed valuation 
per pupil in average daily membership from lowest 
to highest. 

District Number - A six digit number identifying the 
district. 
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General Fund Tax Rate ~ The I969-70 general fund tax 
rate of the district. 

District Average Daily Membership - The 1969-70 average 
daily membership of the district. 

Reimbursable Expenditures per ADM - The I969-70 reim- 
bursable expenditures per pupil in average daily 
membership of the district. This does not include 
building fund expenditures. 

Assessed Valuation per ADM - The I969-70 assessed 

valuation per pupil in average daily membership 
of the district. 

District Wealth Ratio - The I969-7O wealth ratio was 

determined by dividing the assessed valuation per 
ADM of the most wealthy district by the assessed 
valuation per ADM of each district in the state. 

The data for Table One was provided by the State Depart- 
ment of Education on magnetic tape. This tape contained 
data which was compiled by the local district in the form of 
the Secretary's Annual Report for 1969-70, A program written 
in FORTRAN IV by the author was used to read the necessary 
fields on the tape and write this data and the results of 
the computations on another tape. The districts were listed 
by county and district number. This tape was then used as 
the input for the IBM System/360 - SORT/MERGE program which 
sorted the districts in ascending order according to assessed 
valuation per ADM, The results of the SORT program were 
output on tape to form the input of another program written 
by the author to determine the local ability ratios. 

In addition to Table One, the following data was 
computed from the Secretary's Annual Reports for I969-7O1 
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453 

$7,279,054,631. 

654,372.2 
$ 11,123.72 

$514,010,232.53 
785.50 
$319,261,919.40 

.6211 / 

$112,000,000.00 ' 

$ 37,405,552.94 V 

The input data required by the model was a district 
identification number, the assessed valuation of the dis- 
trict, and the average daily membership of the district. 

In this study the districts wore ranked in relation to 
assessed valuation per ADM of the district and this rank 
was used to identify each district* 

Ob.iectivelv Determined Foundation Level 

The level of support upon which the foundation program 
is based was computed for the following problems to be sol- 
ved in this study. 



Number of school districts in the 
State of Iowa 

Total assessed valuation of the 
state 

Total average daily membership in 
the state 

Moan assessed valuation per pupil 
in ADM 

Total general fund reimbursable 
expenditures 

Mean general fund reimbursable 
expenditures per ADM 

Total professional instructional 
costs 

Ratio of professional instructional 
costs to total reimbursable expen- 
ditures 

Total state aid 

Total aid from income tax 
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1# Minimization of state mandated local qualifying 
tax rate# 

2# Minimis^ation of state costs. 

3. Minimization of state mandated local qualifying 
tax rate requiring state share of total costs# 

4, Minimization of state mandated local qualifying 
tax rate with the addition of excess funds to state 
aid funds. 

An objectively determined level of reimbursable expen- 
ditures for the State of Iowa was computed using the guide- 
lines stated by the Educational Policies Commission of the 
National Education Association (1959) and modified as sug- 
gested by Jones ( 1966 i 25) for state wide applications, 

1# The salary to be paid teachers is the most critical 
factor in the determination of any foundation 
amount. The median salary paid teachers in the 
state can be used as a starting point in a founda- 
tion formula. 

The median salary of teachers in Iowa was determined 
from data secured from the State Department of Education, 
which was supplied on magnetic tape# This tape contained 
data from the Iowa Public School Employees Data Sheets for 
the year I 969 - 70 # 

Salaries for 35*520 professional employees were sorted 
by the IBM /360 - SORT/MERGE program into asending order# 

The median teachers (professional instructors) salary for 
the State of Iowa in I 969 - 7 O was $8,500, 

2, A per pupil amount for professional instructional 
services can be determined by adopting a ratio of 
a stipulated number of pupils per professional staff 
member ( Jones, I 9661 25 ) . 
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Tho 20 1 1 ratio suggested by the Educational Policies 
Commission (1959) was used for this study. Using the median 
teacher salary for the State of Iowa of $8,500| the per 
pupil professional instructional cost was $425, (8500 -s- 20). 

3, A per pupil amount for all current expenditures 

can be derived from the cost per pupil for instruc- 
tional services, using the ratio existing between 
teachers salaries and total current expenditures. 

(Jones, 1966126) 

The ratio used in this study is not an estimate. The 
data for determining the ratio was supplied by the State 
Department of Education on magnetic tape which contained 
each district’s Secretary’s Annual Report for I969-70. 

/ 

Average daily membership was used as a basis for deter- 
mining per pupil computations not only because of its current 
use in the support program, but because it gives a fair 
indication of the size of the district. The state total of 
average daily membership in I969-70 for the State of Iowa 
was 654,372.2. 

The state total of reimbursable expenditures was used 
to determine the ratio because those expenditures are now 
the basis for the* present ‘ state aid program' in tho 'State' of 
Iowa. Expenditures which are covered by federal aid or 
included undor the prosont special state aid statutes are not 
included in the reimbursable^ oxpedditures. 'Each district’s 
reimbursable expenditures were computed by add'rg the dis- 
trict tax receipts, county basic tax receipts, chare of 
income tax receipts, and state aid receipts. The state 
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total of reimbursable expenditures, for ri 969 77Qi as rocoMod 
on the Secretary’s Annual Report, was $514,010,232,53, The 
state reimbursable expenditures per pupil based upon 
654,372,2 pupils in average daily membership (ADM) were 
computed to be $758,50 (514,010,232,53 4- 654,372,2), 

The state total of professional instrvction costs was 
computed by summing each district’s professional instruction 
costs. The district professional instruction costs were 
computed from the Secretary’s Annual Report data by summing 
the total salaries in each of the following categories { prin« 
cipals, guidance and counseling, substitute teachers, spe- 
cial teachers, librarians, phychological services personnel, 
audio-visual personnel, and television instruction person- 
nel, The state total of professional instruction costs for 
1969-70 was $319 » 261,919*40, The state professional 
instruction costs per pupil in average daily membership 
(ADM) were $487*89 (3l9i 261,919.40 654,372,2), 

The ratio of state professional instruction costs per 
pupil to the state reimbursable expenditures per pupil was 
computed by dividing the state professional instruction 
costs per pupil ($487,89) by the state reimbursable expendi- 
tures per pupil ($785*50), The ratio was ,6211 or 62,11^, 

Solutions of the Model 
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A brief summary of the results of each of the optimi- 
zation problems will be reported. Appendix A contains the 
algebraic matrix used for the solution to each problem, 
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• Summary of '.Optimal Solutinn ,tc PrablGm 1 

1. The minimization of the state mandated local 
qualifying tax rate using the total of I969-70 
state aid funds provided by the state legislature 
with an objectively determined foundation level. 

For the solution to this problem the foundation level 
was set at $684,2?* The total state costs were set at 
$149 »405f 552.94 as the level of expenditures which must be 
met by the solution. The state summary is reported in 
Table 2, Table 3 reports the selected local district 
summary, 

A total of 5^9 >088, 6 or 86,97 percent of the pupils in 
average daily membership will receive state aid funds based 
on this solution, A total of 85 #283 ,6 pupils will not be 
eligible for state aid funds. 

Summary of Optimal Solution to Problem 2 

2, The minimization of state aid costs of the foun- 
dation program using a parameterized mandatory 
local qualifying tax rate of 20 to 40 mills with 
five mill increments. The foundation level was 
objectively determined. 

The foundation level for each of the five parts of the 
solution was set at $684,27, The state mandated tax rate 
was set at 20 mills and ircrementod by five mills up to 4o 
mills. The stale summary is reported in Table 4, Table 5 
reports the selected local district summary. 

Based on the solution with a state mandated local 
qualifying tax rate set at 20 mills, all pupils in the 
State of Iowa will receive state aid funds, 
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TABLE 2 



OPTIMAL SOLUTION — PROBLEM 1 
MINIMIZE STATE MANDATED LOCAL TAX RATE 



STATE SUMMARY 

STATE MANDATED LOCAL QUALIFYING TAX RATE 

FOUNDATION LEVEL — PER PUPIL 

TOTAL LOCAL COSTS 

TOTAL STATE COSTS 

TOTAL FOUNDATION PROGRAM COSTS 

TOTAL EXCESS DISTRICT FUNDS 



42.868 
$ 684.27 

298,361,712.35 
149,405,552.94 

447,767,265.29 

13 , 821 , 656.32 



TABLE 3 

OPTIMAL SOLUTION — PROBLEM 1 

MINIMIZE STATE MANDATED LOCAL TAX RATE 

LOCAL DISTRICT SUMMARY 
(PER PUPIL) 



DISTRICT 

NUMBER 


LOCAL 

DISTRICT 

COSTS 


STATE 

COSTS 


EXCESS 

DISTRICT 

FUNDS 


1 


$ 212.78 


$ 471.49 


$ 0.00 


227 


565.00 


119.27 


0.00 


304 


677.44 


6.83 


0.00 


453 


684.27 


0.00 


660.22 
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OPTIMAL SOLUTION — PROBLEM 2 
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A total of 650,165.8 or 99*3^ porcont of the pupils 
will receive stato aid funds when the state mandated local 
qualifying tax rate was incremented to 25 mills. A total 
of 4,206.4 pupils will not be eligible for state aid funds*. 

When the state mandated local qualifying tax rate was 
set at 30 mills, a total of 638,296,7 or 97 #56 percent of 
the pupils in ADM will receive stato aid funds, A total of 
16,075.5 pupils will not be eligible for state aid funds. 

With the state mandated local qualifying tax rata set 
at 35 mills, a total of 622,388,8 or 95# 19 percent of the 
pupils will receive state aid funds, with 31,483,4 pupils- •• 
not receiveing those funds, 

A total of 591»4£6,6 or 90,39 percent of the pupils, 
will receive state aid funds when the state mandated local 
qualifying tax rate is set at 40 mills. A total of 62,885,6 
pupils will not be eligible for stato aid funds. 

Summary of Optimal Solution to Problem 3 

3. The minimization of the state mandated local 
qualifying tax rate requiring a 40^ state share 
of the total foundation program costs, An 
objectively determined foundation level was used,. 

The total state costs were constrained in this solution 
to bo 40 percent of the total foundation program costs. The- 
foundation level was set at $684,27# The state summary is , 

reported in Table 6, Table 7 reports the selected local 

district summery. 
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TABLE 6 

OPTIMAL SOLUTION — PROBLEM 3 

MINIMIZE STATE MANDATED LOCAL TAX RATE 
(STATE COST 40 ^ OP TOTAL COSTS) 

STATE SUMMARY 

STATE MANDATED LOCAL QUALIFYING TAX RATE 37.869 

$ 684 . 27 

268,660,359.17 
179,106,906.12 

447,767,265.29 
6,993.543.10 



FOUNDATION LEVEL — PER PUPIL 
TOTAL LOCAL COSTS 
TOTAL STATE COSTS 
TOTAL FOUNDATION PROGRAM COSTS 
TOTAL EXCESS DISTRICT FUNDS 



TABLE 7 

OPTIMAL SOLUTION — PROBLEM 3 

MINIMIZE STATE MANDATED LOCAL TAX RATE 
(STATE COST 4055 OP TOTAL COSTS) 

LOCAL DISTRICT SUMMARY 
(PER PUPIL) 



DISTRICT 

NUMBER 


LOCAL 

DISTRICT 

COSTS 


STATE 

COSTS 


EXCESS 

DISTRICT 

FUNDS 


1 


$ 137.88 


$496.39 


$ 0.00 


227 


498.89 


185.38 


0.00 


362 


683.51 


0.76 


0.00 


453 


684,27 


0.00 


502.90 
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A total of 604,309 #6 or 92,35 percont of the pupils 
will receive state aid funds based upon this solution, 

A total of 50,062,6 pupils will not be eligible for state 
aid funds. 



Summary of Optimal Solution to Problem 4 

4 , The minimization of the state mandated local qual- 
ifying tax rate using the total of I969-70 state 
aid and adding the excess funds raised by the tax 
rate to the state aid funds for distribution. The 
foundation level was objectively determined. 

The excess district funds are those funds raised by the 
state mandated local qualifying tax rate above the founda- 
tion level of $ 684 , 27 « These funds are added to the state 
funds available to the foundation program to be distributed 
to other less wealthy districts. The total state costs, not 
including the excess district funds, were set at 
$149,405i552,94. The state summary is reported in Table 8 , 
Table 9 reports the selected district summary, 

A total of 587, 617 tl or 89 #80 percent of the pupils in 
average daily membership will receive state aid based upon 
this solution, A total of 66 , 755 #! pupils v/ill. not be 
eligible for state aid funds. 

Summary of Optimal Solution to Problem 5 

5 # The maximization of the foundation level using the 
total of 1969-70 Iowa state aid funds and a para- 
meterized mandatory local qualifying tax rate of 
20 to 40 mills with five mill increments. 







28 



28 



TABIE 8 



OPTIMAL SOLUTION — PROBLEM 4 



MINIMIZE STATE MANDATED LOCAL TAX RATE 
(EXCESS DISTRICT FUNDS ADDED TO STATE COSTS) 



STATE SUMMARY 

STATE MANDATED LOCAL QUALIFYING TAX RATE 

FOUNDATION LEVEL — PER PUPIL 

TOTAL LOCAL COSTS 

TOTAL STATE COSTS 

TOTAL EXCESS DISTRICT FUNDS 

TOTAL FOUNDATION PROGR/iM COSTS 



40.989 
$ 684.2? 

287,467,122.60 
149,405,552.94 
10,894,589.75 

447,767,265.29 



TABLE 9 

OPTIMAL SOLUTION — PROBLEM 4 

MINIMIZE STATE MANDATED LOCAL TAX RATE 
(EXCESS DISTRICT FUNDS ADDED TO STATE COSTS) 

LOCAL DISTRICT SUMMARY 
(PER PUPIL) 



DISTRICT 


LOCAL 

DISTRICT 


NUMBER 


COSTS 


1 


$ 203.36 


227 


539.99 


333 


683.91 


453 


684.27 



STATE 


EXCESS 

DISTRICT 


COSTS 


FUNDS 


$480.91 


$ 0.00 


144.28 


0.00 


0.36 


0.00 


0.00 


600.69 
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The state mandated local qualifying tax rate was set 
at 20 mills and incremented by 5 mills up to 40 mills. The 
total state costs were set at $149,405,552,94? the level of 
state costs in I969-70 for aid to public elementary and 
secondary education in the State of Iowa, The state summary 
is reported in Table lO. Table 11 reports the selected 
local district summary. 

Based on the solution with the state mandated local 
qualifying tax rate set at 20 mills, a total of 637,836,2 
or 97f47 percent of the pupils in average daily membership 
will receive state aid funds, A total of 16,536,0 pupils 
will not be eligible for state aid funds. 

When the state mandated local qualifying tax rate was 
set at 25 mills, a total of 626,539*9 or 95*75 percent of 
the pupils in average daily membership will receive state 
aid funds, A total of 27,832,3 pupils will not be eligible 
for state aid funds, 

A total of 608,626,1 or 93*01 percent of the pupils 
will receive state aid funds when the state mandated local 
qualifying tax rate was incremented to 30 mills, A total 
of 45,746,1 pupils will not be eligible for state aid funds. 

With the state mandated local qualifying tax rate set 
at 35 mills, 594,980.5 or 90.92 percent of the pupils in 
average daily membership will receive state aid funds, A 
total of 59,391*7 pupils will not be eligible for state aid 
funds. 
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Incremonting the state mandated local qualifying tax 
to 4o mills v;ill allow 579 1 971 • 7 or 86,97 percent of the 
pupils in average daily membership to receive state aid 
funds, A total of ?4,400,5 pupils will not bo eligible for 
state aid funds. 

Conclusions and Recommendations 

The linear programming model , formulated to simulate 
a foundation type state support program for financing ele- 
mentary and secondary education, was successful in producing 
optimal solutions to the five objective functions proposed 
for testing the model. As a result of the optimal solutions 
produced by the model, the use of a linear programming model 
to simulate a foundation type state support program is 
indeed feasible. 

The model was capable of simulating the financial 
characteristics in terms of the number of pupils in average 
daily membership of each of the 453 local school districts 
in the State of Iowa, In addition to the local character- 
istics, the state contribution to the foundation program 
was set at $149,405 i552, 92, which was the level of state 
aid to public school districts in I969-70 in the State of 
Iowa, for three of the five objective functions solved by 
the model. 

The flexibility of the model was tested by solving 
five different problems, which were selected as possible 
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variations in the distribution of funds to a foundation 
type program* The change of objective function required 
only minor changes in the generalized model. The changes 
in the generalized model are noted in the Summary of Solu- 
tions to the Optimization Problems* 

The use of mathematical techniques, other than linear 
programming, could have been used to solve the problems 
presented in this study. Computer programs may be written 
to solve each specific problem. The solution to Problem Z 
may be calculated, using a desk calculator. If only one 
problem is to be solved and other possible alternatives are 
not being investigated, the use of other techniques may 
save both time and effort for the educational decision- 
maker, If the solutions of several alternative methods of 
distribution of state funds are to be investigated, the use 
of the linear programming model will enable the investigator 
to calcualte the solution of each problem with minor changes 
in the generalized model. The ability, to provide without 
considerable delay a solution to each of the alternatives 
suggested by the educational decision-makers, gives the 
user of a linear programming model a decided advantage in 
terms of time and cost. 

The arbitrary selection of the five problems which were 
optimized in this study indicates to the decision-maker the 
variety of possible methods of distributing funds for a 
foundation type state support program. The priorities of 
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the educational system will dictate the most accoptable 
method of distributing the funds available to the state 
support program. The following are other methods of distri- 
bution which could be solved using the model, 

1, A minimum mandatory amount of state aid per pupil 
in average daily membership, 

2, A simulation of the financial characteristics of 
proposed redistricting plans, 

3 , Using a combination of methods used in the five 
problems solved in this study, such as, the adding 
of excess district funds to state costs in Problem 5. 

The model could bo expanded, taking into consideration 
the differences between educational programs provided in 
each school district, the differences in costs of education 
between rural and urban school districts, and the differ- 
ences in educational costs among students of different 
socioeconomic groups. The above recommendations would 
require additional research to determine the mathematical 
ratios necessary to simulate each characteristic, 

Computor programs have been developed for projecting 
future educational costs. Using these techniques to pre- 
dict future financial characteristics of the optimal 
solutions produced by the model would help to provide for 
more equitable funding of public elementary and secondary 
education, 




35 



BIBLIOGRAPHY 



Alkin, Marvin C., ‘'The Use of Quantitative Methods as an 

Aid to Decision Makin.q; in Education," (paper presented 
at the Annual Meeting of the American Educational 
Research Association, Los Angeles, Calif, Pebr, 5-8 i 
1969) (EDO28525 EDRS price MF-$0.25 HC-$0,65) 11 p 

Allen, W, R,, "Report on Educational Systems Engineering", 
American School Board Journal, CLI (October, 1965) » 

pp 67-70 

Benson, Charles S,, The Cheerful Prospect 1 A Statement on 
the Future of Pubirc Education , Bostom Houghton 
Mifflin Co ,7 19^ 

W, Monfort, American Public School Finance , New Yorki 
American Book Co, ,~l9?0~ 

Bern, H, A,, "W^anted» Educational Engineers," Phi Delta 
Kanpan , LXVII (January, 1967)1 PP* 23O-236 

Bowels, Samuel and Levin, B, M,, "The Determinants of 

Scholastic Achievement— An Appraisal of Some Recent 
Evidence," Journal of Human Resources , vol, 3 (1968) 

Bruno, James Edward, "The Use of Mathematical Programming 
Models to Optimize Various Objective Functions of 
Foundation Type State Support Programs," Ph,D 
dissertation. University of California, I968, 

(68-14,559 University Microfilms Inc,, Ann Arbor, 
Mich-lgan) 

Burke, Arvid J., Financing Public Schools in the United 
States , New York: Harper & Brothers, 1957 

Carter, Robert L, , "School Intergration is Still on the 
Adgenda," Saturday Review , (Oct, 21, I967) pp 71-72 
( Copyright Saturday Review, Inc. l9o7) 



Coleman, J, S,, et al, , 
(Washington D, C,t 



Equality of Educational Opportunity , 
U, S, Govemment Printing OffTcV, 



36 



Conarit, James B, , Slums and Suburbs , (New Yorkt McSraw-Hlll 
Book Co.f Inc.', 19^1)7 p 3 

Coons, John E»> dune IXI, William H. , SujF^aT*!nan, St^ephen D., 
Private Wealth and Public Education , (Massi The 
Belknap Press of Harvard University Press, 1970) 

Corbally, Jr., John E. , School Finance , Bostoni Allyn and 
Bacon, Inc., 1962 

Gubberley, Elwood P. , School Funds and Their Apportionment , 
(New Yorkj Teachers Colle^^e Press, 1905) 

Galladay, Fredrick L., "A Dynamic Linear Profcramrai nf?: Model 
for Educational Planning With Application to Morocco,” 
Ph.D dissertation Northwestern University, I 968 
(University Microfilms, 69 - 6928 ) 

Grabinski, Dale L. , ‘'Projected Financial Data for Iowa 

Public School Districts Based on Selected Variables," 
unpublished Ph.D dissertation, University of lowaj 
Iowa City, 1970 

Harken, Dennis, "An Analysis of the Attitudes of Local Iowa 
School Superintendents Toward Selected Local Govern- 
mental and Educational Issues and Reform Proposals,” 
unpublished Ph.D dissertations University of Iowa? 

Iowa City, 1970 

Hertz, David B,, A Comprehensive Biblioj^raphy on Operations 
Research , New Yorks Wiley and Sons, 1957-6 

Hillier, Fredrick S. and Lieberman, Gerald J., Introduction 
to Operations Research , San Francisco? Holden-Day, Inc,, 

Hopkins, Charles Oliver, "State-Wide System of Area Voca- 
tional-Technical Training Centers for Oklahoma," Report 
Number 15, Oklahoma Vocational Research Coordinating 
Unit, Stillwater (EDO 36627 EDRS Price MF-$0.50 HC-$3.95) 

Igoe, Joseph A,, "The Development of Mathematical Models for 
Allocation of School Funds in Relation to School 
Quality," a paper presented at the Conference on School 
Finance, Dallas, Texas? March 31i April 1-2, I 968 , 
(ED026728) 




37 



Iowa State Department o.f Public Instruction, Data on Iowa 
Schools X969*"?0 School Year , Des Moines t' State of 
Iowa 'T9?0 

Iowa Laws (I 967 - 6 B), Chapter 356, House File 6B6 

Johns, Hoe L, and Morphet, Sd^ar L«, The Economics and 

Financini% of Sducationt A Systems Approach , 2nd Ed,, 
(New Jersey I Prentice-Hall , IncT, 1969) 

Johnson, Paul S,, "Characteristics of Iowa School Districts 
in 1968-69 as Based on Selected Variables," unpublished 
paper for Educational Specialist Degree, University of 
■ Iowa, Iowa City, 1970 

Jones, Hov/ard H,, Financing Public Eleroentary and Secondary 
Education , New York* The Center for A^li ed Re s e arc h 
in Education, I 966 

Keppel, Francis, The Necessary Revolution in American 
Education , N ew York'i Harper and Row, 19^5 

Knezevich, S. J,, "Systems Analysis and Its Relationship 
to Educational Planning,” paper presented at Western 
Canada Adrainistrators Conference, (Bainff, Alberta, 

Oct, 9-llf 1969 ; EDO 36895 SDRS Price* MF-$0,26 
HC-$1.26) 



Kurland, Phillip B, , "Equal Educational Opportunity," 

Charles U. Daly (ed,), The Quality of Inequalit y* 

Urban and Suburban Public Schools , Chicago* University 
of ^hirc^o Center for I^bl^^ Study, 1963 

Lee, Beatrice C, (ed,). Financial Status of Public Schools , 
Committee on Educational Finance, Washington * National 
Education Association 1970 

Markel, G, A,, "A Concept for Modeling and Evaluating 

Information Producing Systems," DDC Publication (DDC, 
Cameron Station, Alexandria, Virginia* Jan, 26, 196?) 
p 6 (AD628495) 

Meals, A, P,, "Heuristic Models in Education," P hi Delta 
Kappan XLVII (January, I 967 , pp 201-203) 

Morphet, Edgar L,, "Developing Sound Foundation Programs," 
Problems and Opportunities in Financing Education , 
Proceedings of the Second National Conference on School 
Finance Problems, 19j? # W^^ington* National Education 
Association, 1959 



38 



Morrison, Henry C*, Sch ool Review , (Chicago* The University 
of Chicago Press 

Mort, Paul R, , The Measurement of Sducational Need , (New 
Yorlci Teachers College PressT^Tp^Sl 

Mort, Paul R, and Reusser, Walter G,, Public School Finance , 
2nd ed.. New York? McGraw-Hill Book Co*, T95^ 

Mort, Paul R,, Reusser, Walter C,, and Polley, John W, , 

Public School Finance , 3rd ed.. New Yorkt McGraw-Hill 
Book' Co. , 1966 

Mort-, Paul R. and Vincent, William S,, A Look at Our Schools , 
New York* Cattell and Co. 19^6 

National Education Association, Educational Policies Comipis- 
sion, An Essay on Quality in Public Education , Washing- 
ton I Nati'ona^^ Education Association, 1959 

National Education Association, Committee on Tax Education 

and School Finance, ’’Guides to the Development of State 
School Finance Programs,” Washington, 19^*9 

National Education Association, Committee on Tax Education 
aaid School Finance, ’’Guides to the Improvement of State 
School Finance Programs," Washington, National Educa- 
tion Association, 1958 

OECD, "Mathematical Models in Educational Planning, Educa- 
tion, and Development, Technical Reports,” papers 
presented at the Organization for Economic Cooperation 
and Development (Paris, France, March 19^6} ED024138 
SDRS Price MP $1.25 HC $14. 60) 290 pp 

Smith, Richard, "The Development of the Iowa Department of 
Public Instrtiction, 1900-1955 1" unpublished Ph.D 
dissertation. University of Iowa, Iowa City, 196? 

Strayer, George D. and Haig, Robert Murray, The Financing 

of Education in the State of New York , The Educational 
F i nanc e Inquiry Commi s s i on , Vo 1 1 XN e w York* The 
McMillan Co., 1923) 

Tracz, George S,, "A Quantative Approach to the Design of 

School Bus Routes,” paper presented at the 1970 Annual 
Meeting, American Educational Research Association, 
Minneapolis, Minn. March 2-6, 1970 




39 



39 



Truesdell, Wayn P., "A History of School Organization and 
Superintendence in Iowa,” (unpublished Ph*D disserta- 
tion, University of Iowa, Iowa City, 1965) 

United States Supreme Court, Brown vs. Board of Education, 
34 ?, U, S., 483 

Updegraff, Harlan, Rural School Survey of New Yorkt Finan- 
cial Support , (Itlaca, N* Y.) 1922 

Voich, Jr,, Dan and Wren, Daniel A., Principles of Manage- 
ment , » , Resources and Systems , New Yorlci The Ronald 
Press Company, 1966 

Wagner, A,, Principles of Operations Research , New Yorkt 
McGraw«Hill Book Co, Inc • , i 960 

Wise, Arthur E,, Rich Schools, Poor Schools > The Promise, 
of Equal Educ^ional Opportunity , Chicago t The 
University of Chicago Press, 1908 




40 



40 



n fn 

m fi 

o I -I 

IH IJ.:; to 

pri 



o 



o 



o o 



E-- 

Cs» 

• 

Cl' 

VO 






o 

c\] 

Vf^ 

vr^ 

VT\ 

o 

•> 

On 

T-< 

w- 



{>- 

Cvl 

•> 

--t 

CO 

VO 

03 - 



o 

M 

DO 



W M w trl W Cil M w 



X 

#r-| 

< 



i < 



1 



vH 






T^ 



9 



X 

M 

a 

(Jk 

fi. 

<* 



v-^ 



l3i'l 

^-l 

(0 

o 

n:; 

Co 






w 






w 



9 ' 



I 



! 



X 









vH 

I 



t/O 



I 



tH 



1?5 

Hi ^ 

o 

o 



6 '^ 



o 

fQ 

O 



X 



.H 


•H 




♦H 




Pt4 


W 


<d 


1 




< 




M 










• 


•H 


•H 




•H 




O 


P 


(P 


*: 


'•V* 












k'. 




1 


fi 

q 


q 


+ 


Q 


X 


El 


g 


g> 


1 


•H 


<e 








o 


o 


o 


s 


w 


t-j 


DO 


ui 


< 


CQ 


rq 


fn 


W 

.5 



ERIC 



41 






APPEKOIX A (CONTINUED) 



41 



w 




w o 


O 


EH 


o 


• 


02 





FH a 

»-p.# » 

f’ *1 

O 

M ir, 

02 



fO 

Q 



M 






M 

to 



{>. 

O CM 

€\J • 

OOOOOOO-^J* 

• CO 

VO 
■<y3- 



M w w M 



W W W W 




< 



%~i 




I 



•H 

JH 




(M 






PQ 

O 

0:1 



•H 

w 



•H 




M 





i 






•H 'H 



to 



tH 

f 



Hi 



tH tri 

» 



CO tH rH 

I 

I 



§0 



?i 2 






X 










O 




•H 


•H 




•H 




o 


Gh 


fH 


< 




w 




a 




o 


•H 


•H 




•H 










tr-J 








. w 






q 




Q 


X 


b 


o «yJ 


rq 


•H < 


< 




< 


•H 


o 


o 






w 


w 


< X 


cq 



K K 




42 



BOUND A.X 1 L 



APPENDIX A (CONTINUED) 



o 

ERIC 



X 



iA 






42 



p w 
n 

L'i »-H 
Hi fl4 CO 



o 



(Ni C\i 

S d 

VO VO 

’ifi' 



125 

O 

W 

CO 






wpqwwiywiywiyww»-:i 



X 



•H 



tH 

J 



•H 

JH 



•H 









•H 



•H 

^ W 

9 ' 



/■ 



i 

pq 

o 

oc; 

P-1 



w 



M 



V 



CO 



tH 

I 



• • 

I t 



VO 

I 



VO 

0 

1 



CO 



I 






irJU 

H5 < 
’<2; 



w 



o 




.H 


«H 




*H 






1-^ 








< 


o 










w 
















o 




•H 


p 


•H 




•f 


•I* 


+ 


*4* 


O 


o 


. M 


w 


S 


trr* 




fe; 




CO 


to 


to 


CO 


S 




Q 


p 


+ 


Q 


JK* 




S*,i<« 


•w» 




P 


P 


* •* 


m 


♦H <5 






<*: 


•H 


t-4 


CVi 


T-* 


CM 


o 


o 


O < 
0^ ??; 


o 


C4 




to 


w 


< 






<0l 


od 


m 


« 



43 



APPENDIX A (CONTINUED) 



^3 





rw 




r- 




CS2 


O 


C\J 




• 


• 


• 






CVJ 

V> 




Eh Q M 


\o 




VO 


;t: ).-•' r.:> 




» 




O *■’1 M 


o o o o o o 


vn 




M U ^ CO 




O 




OS 









ON 

*C(3- ■GO’ 



Cl 

M aWWWWWWWWHq 

w 



X 

<3 



fri 







♦H 






•H 


gs 




m 


9 


-:j’ 




<c 


y? 






I 4 

w 








w 




PQ 


#H 


tH rHI 


O 




1 


OS 


p 




Ph 


w 





X 



•H 

< 



T 

CO 



vH 

I 



f-3? 



cH x~i 

I 



10 



r~4 vH 

I 



fH 






tH 

I 




tz> <c 



o 

o 



1:9 



o < 
os IS 



X 

•H 





•H 


•H 




•H 


pH 


CO 


c 


EH 


>-< 


<J 




w 








O 


•H 


•H 




•H 


Q 


Q 


p 




•fcr;? 










c5 


5 


H 






+ 


Q 


X 


B 


p 


PO 


♦H 






?3 


•iH O 


o 


o 


o 


ft4 M 


W 


W 


M 


< m 


rq 


w 




44 



APPENDIX A (CONTINUED) 



i 



44 



o 

ERIC 



<c ^ 



EHQ W 
W ^ Q 
O < M 
M SlJ W 
0:: 



a; 

o 

w 

£/5 



o o o o o o 



s W M W M W M 



VN 


-d* 


O 


o\ 


o 


m 


• 


CM 

v> 

VN 

VN 

O 


o 


•si* 


CM 


«k 


O 


ON 


• 


w 

-m- 


M 


w 



X 






vH 

t 






w 



*H 



vn 






•H 

§ ' 



: / 



a 

CQ 

O 

Pt5 

PW 



m 



»=v? 



vH 

I 



;.' I 



V 



X 



i? 

w 






vH T-l 

I 



m 









is 

gs 

k) js: 

o 

o 



Ss s 
o < 
PC s 



o 


•H 

X 

*H 


•rl 

< 

•H 


h4 


•H 

•H 




w 

p 


w 

*-;> 

PQ 


.H 1 


9 


+ 


9 




o 


O 


fr. M 


P4 


W 




< X 


m 



45 






